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1  Introduction

Growing evidence suggests that pregnancy is a 
“critical period” in a woman’s life when her health 
development is especially sensitive to certain inter-
nal and external stimuli. As a normal response to 
pregnancy and in order to support the developing 
fetus, women become more insulin resistant and 
hyperlipidemic and experience an increase in blood 
pressure (BP; after an initial drop) and upregulation 
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of coagulation factors and the inflammatory cas-
cade (Sattar 2004). This is perhaps the prime exam-
ple of health as an emergent property as it is one 
that enables the bearing of offspring and thus the 
perpetuation of humanity. While for a majority of 
women, this adaptation to pregnancy remains 
“healthy,” in some women it develops into a com-
plication of pregnancy such as gestational diabetes 
mellitus (GDM), preeclampsia, fetal growth 
restriction (FGR), and preterm delivery.

It has long been understood that pregnancy 
complications are important for the life course 
health development of offspring, but much less 
appreciated that these complications also have 
key implications for the long-term health develop-
ment of the mother. An accumulating body of 
research has shown that these common pregnancy 
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complications predict the future risk of chronic 
diseases in women, including cardiovascular dis-
ease, diabetes, and breast cancer (Rich- Edwards 
2009). In this chapter we use life course health 
development theoretical principles as a lens for an 
examination of the implications of pregnancy his-
tory for cardiovascular disease (CVD), a leading 
cause of female mortality (Oblast 1999; Yusuf 
et al. 2001).

Globally, one out of three women dies from 
CVD (Shah et al. 2009; Mathers et al. 2008). We 
do a worse job of recognizing and predicting 
CVD in women than in men, in part because CVD 
presents itself differently between the sexes 
(Mosca et al. 2011; Shaw et al. 2006). This has 
important implications for the prevention of CVD. 
Primary prevention, if applied to high risk popula-
tions early enough to avert the cumulative damage 
of chronic disease, can reduce CVD incidence 
(Scarborough and Weissberg 2011; Shay et al. 
2012; MMWR 1989). In response to the growing 
appreciation that many preventive efforts start too 
late to be effective, there has been a call for “pri-
mordial prevention”—the prevention of the major 
CVD risk factors themselves (Labarthe 1999; 
Weintraub et al. 2011). In this context, pregnancy 
complications have the potential to be effective 
CVD risk “stress tests” to identify women who 
would most benefit from primordial or primary 
prevention efforts to reduce CVD risk (Sattar and 
Greer 2002). The concept of primordial preven-
tion is consistent with the life course health devel-
opment principle that health development is an 
emergent phenomenon and the best way to pre-
vent future disease is to build health assets that 
have long-term salutary benefits.

On average, more than 80% of women in high-
income countries bear at least one child (Martinez 
et al. 2012; OECD Family D 2014), as do upward 
of 90% of women in most lower- and middle-
income nations (United Nations DoEaSA, 
Population Division 2009). A high proportion of 
women will, in the course of their reproductive 
career, have a pregnancy complicated by GDM, a 
hypertensive disorder of pregnancy, FGR macroso-
mia, or preterm delivery. The prevalence of any 
one of these conditions in any given pregnancy 
ranges from 2% to greater than 12%. In one UK 
study, 36% of singleton pregnancies were compli-

cated by at least one of these factors (Fraser et al. 
2012). In the U.S. national Nurses’ Health Study 2, 
we estimated that 29% of parous study participants 
have had one of these pregnancy complications. As 
reviewed below, each of these complications has 
been associated with roughly a twofold increase in 
the risk of CVD events. If 80% of women are par-
ous and 30% of them have had a pregnancy com-
plication predictive of CVD, then about 25% of 
women are at heightened risk for future CVD risk.

We begin with a review of the evidence for 
associations of parity and common pregnancy 
complications (low birth weight, fetal growth 
restriction, preterm delivery, hypertensive disor-
ders of pregnancy, and GDM) with future CVD 
risk. We conducted MEDLINE searches for 
English-language cohort and case-control stud-
ies published in the peer-reviewed literature 
through December 2012, as described in detail 
elsewhere (Rich-Edwards et al. 2014). Whether 
pregnancy is a sensitive period in terms of car-
diovascular health development across the life 
course and complications per se contribute to 
long term CVD risk, whether they simply 
unmask women with an underlying propensity 
for CVD, or whether both pathways are in play 
remains unclear. As suggested by life course 
health development, longitudinal studies are 
needed to untangle these temporal effects. In the 
second part of the chapter, we further explore 
the physiologic mechanisms that might explain 
the associations between pregnancy complica-
tions and CVD. Finally, we discuss the implica-
tions of these findings for future research as 
well as for health care design and policy.

2  Associations of Parity 
and Pregnancy 
Complications with CVD Risk 
in Mothers

2.1  Parity and CVD

Most (Green and Moser 1988; Ness et al. 1993) 
but not all studies (Steenland et al. 1996) have 
found a positive association between parity 
(number of children) and later CVD. In the larg-
est study to date, the association was examined in 
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1.3 million with a median follow-up time of 9.5 
years (range 0–24) women using Swedish regis-
try data (Parikh et al. 2010). Parity was associ-
ated with CVD in a J-shaped fashion, with two 
births representing the nadir of risk. Compared 
with women with two births, the multivariable- 
adjusted hazard ratios (95% confidence interval 
(CI)) for women with 0 and ≥5 births were 1.11 
(1.09–1.14) and 1.57 (1.52–1.64), respectively.

Desired family size may affect the shape of the 
parity-CVD risk distribution in different societies 
and is an example of how societal norms and social 
structures may affect health development and its 
determinants. In Sweden, the modal family size 
(two children) coincides with the nadir of maternal 
cardiovascular risk (Parikh et al. 2010). This sug-
gests that many women who bore only one child 
suffered from secondary infertility, first pregnancy 
complications that precluded further pregnancies, 
or severe neonatal outcomes that discouraged fur-
ther childbearing. To the extent that subfertility and 
severe pregnancy complications predict future 
CVD risk, they may explain the low-parity “hook” 
of the J-shaped association of parity and maternal 
CVD. The increase in CVD risk with increasing 
parity after two children may be the result of differ-
ent phenomena. These include rival, but not mutu-
ally exclusive, theories that (1) adverse physiologic 
change accumulates over pregnancies; (2) adverse 
lifestyle habits accrue with more children; and/or 
(3) selection bias in which women at higher CVD 
risk opt for larger families. Thus, it is unclear 
whether the association of higher parity with CVD 
risk is causal or correlational.

Some insight into the association of parity 
with maternal CVD risk may be gleaned by 
examining the association of number of children 
with paternal CVD risk. Similar associations for 
mothers and fathers would suggest that the asso-
ciation between parity and maternal CVD is not 
causal, but is more likely a result of confounding 
by socioeconomic position and/or behaviors 
related to child-rearing. Three reports examined 
associations of number of children with CVD in 
fathers. In general, men who have fathered the 
most children appear to have small increased 
CVD risk, though this association is not always 
statistically significant and is weaker than the 

associations observed among mothers (Dekker 
and Schouten 1993; Lawlor et al. 2003; Ness 
et al. 1995). Adjustment for lifestyle factors tends 
to reduce the associations in both mothers and 
fathers (Lawlor et al. 2003; Catov et al. 2007a). 
These results suggest that the association between 
high parity and CVD in later life may be largely 
the result of socioeconomic position and/or 
behavioral risk factors associated with child- 
rearing that are shared by both parents.

2.2  Common Pregnancy 
Complications and CVD 
in Mothers

Offspring birth weight predicts maternal lifespan 
(Catov et al. 2007a; Davey Smith et al. 1997, 
2000a, b, 2007). Figure 1 presents the findings 
from studies that have examined associations of 
offspring birth weight or fetal growth—a function 
of birth weight and gestation length—with mater-
nal CVD risk (Davey Smith et al. 1997, 2007, 
2000a, b, 2005; Bellamy et al. 2007, 2011; 
Friedlander et al. 2007; Lykke et al. 2010a; 
Mongraw-Chaffin et al. 2010; Smith et al. 2001; 
Wikström et al. 2005; Fraser et al. 2012; Ness et al. 
1993). One meta-analysis has calculated that, for 
every standard deviation (roughly 500 g) higher 
birth weight of the firstborn child, maternal CVD 
mortality is decreased by 25% (Davey Smith et al. 
2007). It is unclear whether the inverse association 
of offspring birth weight with mortality is constant 
across the entire range of birth weight, as the asso-
ciation of high birth weight with maternal CVD 
risk varies by study. In some populations, the moth-
ers of the largest infants (>4000 g or >4500 g) have 
the lowest risks of CVD (Davey Smith et al. 1997, 
2000b), while in other populations there is an 
uptick in CVD risk for the mothers of macrosomic 
newborns (Davey Smith et al. 2007; Bonamy et al. 
2011; Friedlander et al. 2007; Lykke et al. 2012). 
Given the strong associations of macrosomia with 
GDM and later type 2 diabetes (Metzger et al. 
1993), the presence and magnitude of the associa-
tion of large birth weight with future CVD risk may 
depend on the population prevalence of GDM and 
chronic diabetes during pregnancy (in other words, 
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the extent to which large infant size is pathologi-
cal). Indeed, the association of macrosomia with 
CVD risk is attenuated by adjustment for GDM(36) 
(Bonamy et al. 2011), indicating that a substantial 
portion of the association of macrosomia and CVD 
is explained by metabolic risk.

It is abundantly clear, however, that the 8% of 
deliveries that are low birth weight (<2500 g) are 
associated with twice the maternal CVD inci-
dence and mortality of other deliveries (Davey 
Smith et al. 1997, 2000a, b, 2007). Associations 
of offspring birth weight with maternal CVD 
are only modestly diminished by adjustment for 
cigarette smoking and not affected by control for 
prepregnancy body mass index (Bonamy et al. 
2011; Davey Smith et al. 2005).

Birth weight is the product of fetal growth rate 
and gestation length. Fetal growth, represented as 
birth weight corrected for gestation length, predicts 

maternal CVD risk (Bonamy et al. 2011; Lykke 
et al. 2012), as does gestation length (discussed 
below). In fact, the coincidence of restricted fetal 
growth and prematurity yields a more than three-
fold increased CVD risk (Bonamy et al. 2011). 
The curvilinear association of offspring birth 
weight with maternal CVD risk observed in many 
populations may be the product of competing 
pathological phenomena. At one end of the birth 
weight spectrum, the association of macrosomia 
with maternal CVD risk may be explained by 
underlying metabolic risk; at the other end of the 
spectrum, the association of low birth weight with 
maternal CVD risk may be driven by endothelial 
dysfunction and other pathologies associated 
with restricted fetal growth and preterm birth.

First offspring birth weight also predicts pater-
nal CVD, although the magnitude of the positive 
association of offspring birth weight with paternal 
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Fig. 1 Results from studies of offspring birth weight or 
fetal growth and relative risk of maternal cardiovascular 
disease (CVD). a Per 1 standard deviation (SD) lower 
birth weight; b lowest birth weight quintile compared to 
all others; c <2500 g compared to 1500–3999 g birth 
weight; d per 1 SD lower birth weight, adjusted for gesta-
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growth retardation; g ~2 SD below mean birth weight 
adjusted for gestational age; h CVD mortality; i coronary 
heart disease (CHD) events ; j CHD mortality; k CVD 
events (CI confidence interval)
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CVD risk is less than a third of that for the infant’s 
mother (Davey Smith et al. 2007). The fact that 
the birth weight of their first child predicts CVD 
events in both parents suggests that shared life-
style or environmental factors, such as cigarette 
smoking, might influence both the growth of the 
fetus and CVD risk in the parents and/or that 
pleiotropic genetic variants affect both growth 
and CVD risk. Birth weight is passed down 
through maternal and paternal lines (Lie et al. 
2006), opening the possibility that paternal CVD/
fetal growth genes could affect both the preg-
nancy outcome and long-term chronic disease 
risk in the father (Freathy et al. 2007). However, 
the stronger association in mothers than in fathers 
suggests either parent-specific genomic imprint-
ing or—as seems more parsimonious—that 
maternal health during pregnancy affects fetal 
growth and is a marker of her future CVD risk.

Preterm delivery (<37 weeks’ gestation) 
accounts for 6–12% of deliveries in the developed 
world (Beck et al. 2010). The hazard ratios for 
CVD associated with total preterm delivery are 
depicted in Fig. 2 and are on the order of 1.3–2.6 
for births <37 completed weeks compared with 
term births (Davey Smith et al. 2000b, 2005; 
Bonamy et al. 2011; Lykke et al. 2010a, b; Smith 
et al. 2001; Wikström et al. 2005; Catov et al. 
2010a; Irgens et al. 2001; Nardi et al. 2006; Pell 
et al. 2004; Rich-Edwards et al. 2012). There is a 
greater range of relative risk when distinct pre-
term phenotypes are examined separately. While 
most preterm deliveries follow spontaneous labor 
or preterm premature rupture of membranes, a 
significant and growing fraction results from 
medically induced labor or Caesarean section 
without labor. The chief reasons for these medi-
cally indicated deliveries include preeclampsia 
and FGR, both of which have been associated 
with increased maternal CVD risk. In studies that 
have distinguished them, hypertensive preterm 
deliveries consistently have a stronger association 
with maternal CVD outcomes than do normoten-
sive preterm deliveries, though the latter are still 
associated with a 1.2- to threefold increased risk 
compared with term deliveries (Catov et al. 
2010a; Irgens et al. 2001). In the two studies that 
have contrasted CVD risk among mothers with 

spontaneous versus indicated preterm deliveries 
(Rich-Edwards et al. 2012; Hastie et al. 2011a), 
indicated delivery was associated with higher 
risks of CVD mortality than spontaneous preterm 
delivery. Nevertheless, spontaneous preterm 
delivery—compared with term delivery—was 
associated with doubling of CVD risk (Rich-
Edwards et al. 2012; Hastie et al. 2011a).

Unlike the associations of parity or birth 
weight with paternal CVD risk, two studies 
(Davey Smith et al. 2005; Irgens et al. 2001) have 
reported that preterm delivery is not associated 
with paternal risk of CVD, implying that the 
association of preterm delivery with maternal 
CVD risk is not the product of a high-CVD risk 
lifestyle or genetic variants shared between both 
parents and their offspring. Of relevance, preterm 
birth risk appears to be passed only through the 
maternal line (Wilcox et al. 2008). These obser-
vations suggest that maternal intrauterine envi-
ronment and health determine the risk of preterm 
delivery and explain its association with maternal 
CVD risk, rather than shared lifestyle or environ-
ment of the mother and father.

Gestational diabetes mellitus is a common and 
growing pregnancy complication that affects as 
many as 5% of pregnancies. It is well established that 
women with GDM are at increased risk of develop-
ing diabetes later in life (Bellamy et al. 2009); 
between 3% and 70% of women with a history of 
GDM will develop type 2 diabetes within three 
decades of the pregnancy (Kim et al. 2002), with a 
meta-analysis of 675,455 women finding a seven-
fold increase in risk of later type 2 diabetes (Bellamy 
et al. 2009). Type 2 diabetes is an important CVD 
risk factor, having a markedly higher relative and 
absolute association with CVD in women than it 
does in men (Sarwar et al. 2010). Given these asso-
ciations, it seems self-evident that a history of GDM 
would be associated with increased CVD risk. 
However, due largely to the fact that GDM screen-
ing during pregnancy was neither routine nor stan-
dardized until recent decades, there are few cohorts 
with long enough follow-up of screened popula-
tions to detect CVD incidence or mortality among 
women with a history of GDM (Shah et al. 2008; 
Carr et al. 2006). These are displayed in Fig. 3. The 
only large population-based study of this topic is a 
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record linkage study conducted in Ontario, Canada, 
with a median follow-up of 11.5 years (Shah et al. 
2008). In that study, a history of GDM was associ-
ated with a greater risk of hospital admission for 
acute myocardial infarction, coronary bypass, coro-
nary angioplasty, stroke, or carotid endarterectomy 
(hazard ratio (HR) = 1.71; 95% CI, 1.08–2.69). 
Upon adjustment for diabetes after pregnancy, the 
association was attenuated toward the null (adjusted 
HR, 1.13; 0.67–1.89). A smaller, cross-sectional 
study found that women with a history of GDM had 
a higher CVD risk than women without a history of 
GDM (adjusted OR = 1.85, 1.21–2.82) and experi-
enced CVD events 7 years earlier, on average (Carr 
et al. 2006).

Lesser degrees of antepartum hyperglycemia 
have also been associated with an elevated risk of 
subsequent diabetes and CVD. In the Ontario 
study, women with evidence of elevated glyce-
mia short of GDM criteria were at an increased 
risk of diabetes (HR = 2.56, 2.28–2.87) 

(Retnakaran and Shah 2009a) and CVD 
(HR = 1.19, 1.02–1.39) (Retnakaran and Shah 
2009b) compared to normoglycemic women.

Hypertensive disorders of pregnancy (HDPs) 
are common pregnancy complications that pres-
age CVD. Preeclampsia, the combination of 
hypertension and proteinuria, affects approxi-
mately 2–5% of pregnancies, with a predomi-
nance among first pregnancies (Fraser et al. 2012; 
Wallis et al. 2008; North et al. 2011). Estimates 
of the prevalence of gestational hypertension, 
new-onset hypertension without proteinuria, vary 
from 3% to 14% (Fraser et al. 2012; Wallis et al. 
2008; Roberts et al. 2005). Women with a history 
of preeclampsia have roughly fourfold higher 
incidence of hypertension and twofold elevated 
risks of heart disease, stroke, and venous throm-
boembolism (Bellamy et al. 2007; McDonald 
et al. 2008). Two systematic reviews, one of 
cohort studies (n = 25) and the other of both 
cohort (n = 10) and case-control (n = 5) studies, 
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have both reported a doubling of risk for different 
measures of CVD comparing women with pre-
eclampsia to normotensive women over a median 
of 10–12-year follow-up (Bellamy et al. 2007; 
McDonald et al. 2008). Figure 4 depicts the rela-
tive risk of coronary heart disease (CHD) and 
CVD outcomes among mothers with a history of 
preeclampsia (Mongraw-Chaffin et al. 2010; 
Smith et al. 2001; Wikström et al. 2005; Irgens 
et al. 2001; Funai et al. 2005; Hannaford et al. 
1997; Jónsdóttir et al. 1995; Kestenbaum et al. 
2003; Lin et al. 2011; Lykke et al. 2009; Wilson 
et al. 2003).

Publications from three cohort studies pub-
lished since those reviews give some insight into 
the onset and duration of CVD risk following 
HDP (Mongraw-Chaffin et al. 2010; Smith et al. 
2001; Lin et al. 2011; Lykke et al. 2009). In a 
short-term follow-up of over 1,000,000 pregnan-
cies in Taiwan, women with preeclampsia/
eclampsia were at double the risk of major CVD 
from the third trimester of pregnancy up to three 
years postpartum, with particularly high relative 
risks for stroke (HR = 14.5, 1.3–165.1) and myo-
cardial infarction (HR = 13.0, 4.6–6.3) (Lin et al. 
2011). While these results suggest a high relative 
risk immediately following HDP, the confidence 
intervals are wide, and the absolute risk of CVD 

events is very small at this age, so that this imme-
diate risk is unlikely to account for a large num-
ber of CVD events. The Child Health and 
Development Study in California has provided 
some of the longer follow-up; over 37 years after 
pregnancy, women with a history of preeclamp-
sia in any pregnancy had double the risk of CVD 
death (HR = 2.14; 1.29–3.57) (Mongraw-Chaffin 
et al. 2010). This doubling of risk is consistent 
with studies with shorter duration of follow-up. 
Considering the exponential increase in the abso-
lute numbers of CVD events with increasing age, 
this suggests that the elevated risk of CVD among 
women with a history of HDP is not limited to the 
early years postpartum.

Thus, studies repeatedly report a doubling 
of CVD risk among women with a history of 
preeclampsia and suggest lesser degrees of 
excess risk among women with a history of ges-
tational hypertension, despite the strong associa-
tion of gestational hypertension with development 
of chronic hypertension (Lykke et al. 2009). The 
combination of preterm delivery and preeclamp-
sia—a likely marker of the severity of preeclamp-
sia—is a particularly potent predictor of CVD 
risk. Compared to normotensive term pregnan-
cies, women delivering preterm preeclamptic 
pregnancies have very high relative risks of future 
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Fig. 3 Results from studies of gestational diabetes mellitus and relative risk of maternal cardiovascular disease (CVD). 
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CVD ranging from 2.5 to 9.5. (Mongraw-Chaffin 
et al. 2010; Smith et al. 2001; Lin et al. 2011; 
Skjaerven et al. 2012)

2.3  Recurrent Pregnancy 
Complications, Last 
Pregnancy Complications, 
and Maternal CVD Risk

Much of the literature is based on first pregnan-
cies, precluding examination of the association 
of recurring pregnancy complications with CVD 
risk. There is evidence that recurrent preeclamp-
sia (Lykke et al. 2009) and preterm 
delivery(Catov et al. 2010a; Lykke et al. 2010b) 
are associated with a greater risk of CVD than a 
single complicated pregnancy in multiparous 
women. Although the association of recurrent 
GDM with CVD risk has not been studied, after 
a first GDM pregnancy, each subsequent GDM 

pregnancy has been associated with a modestly 
increased risk of type 2 diabetes (adjusted 
HR = 1.16, 1.01–1.34) and each non-GDM preg-
nancy with a reduced risk of diabetes (HR = 0.34, 
0.27–0.41) (Retnakaran et al. 2011). In fact, this 
highlights an intriguing pattern that is emerging 
with respect to last births: having preeclampsia 
(Skjaerven et al. 2012), preterm delivery (Rich-
Edwards et al. 2012), or GDM (Retnakaran 
et al. 2011) in the last pregnancy appears to be 
associated with especially high risk of future 
CVD in mothers. Perhaps reflecting the same 
phenomenon, women who have one preterm 
delivery and one term delivery in their first two 
births appear to be at higher risk of CHD if the 
preterm delivery was the second birth (Catov 
et al. 2010a; Lykke et al. 2010b). This suggests 
that pregnancy complications severe enough to 
contraindicate or discourage a subsequent 
pregnancy may be particularly potent predictors 
of future CVD risk.
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Fig. 4 Results from studies of hypertensive disorders of 
pregnancy and relative risk of maternal cardiovascular dis-
ease (CVD). a Coronary heart disease (CHD) mortality, b 
CHD events, c CVD events, d CVD mortality, e composite 
estimate provided by Bellamy review (18). A 2011 study 

by Lin (62) reported a relative risk of 23.0 (95% confi-
dence interval (CI), 5.1–103.7) for CVD events (except 
stroke) during pregnancy and up to three years after deliv-
ery. We omitted that study from the figure so that we could 
keep the relative risk scale consistent across figures
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3  Physiological Mechanisms 
Linking Pregnancy 
Complications to Maternal 
CVD Risk

Pathways that link pregnancy exposures to later 
life CVD are not well understood. Considerable 
evidence supports the existence of common pre-
disposing factors for both pregnancy complica-
tions and CVD risk suggesting that pregnancy 
complications can be thought of as a failed stress 
test, with pregnancy being the stressor. There 
have been almost no studies examining the alter-
native that pregnancy complications might cause 
increased CVD risk. To address this issue, we 
summarize evidence that compares CVD risk 
before, during, and after pregnancies with and 
without complications.

3.1  Cardiovascular Risk Factors 
Preceding Pregnancy 
Complications

Higher prepregnancy blood pressure is a risk 
factor for preeclampsia (Magnussen et al. 2007) 
and preterm delivery (Catov et al. 2013). Chronic 
hypertension has a well-established relation to 
increased risk of preeclampsia—known as 
“superimposed” preeclampsia. Even within the 
normotensive range, there is a positive dose- 
response association of prepregnancy systolic 
and/or diastolic blood pressure with preeclamp-
sia, (Magnussen et al. 2007) and women who 
develop hypertensive disorders of pregnancy 
have higher blood pressure at 8 weeks’ gestation 
than normotensive (Macdonald-Wallis et al. 2012). 
Preexisting hypertension has also been associ-
ated with FGR, especially in cases that were also 
preterm (Catov et al. 2008a). Risks for these 
complications also rise with increasing maternal 
age, suggesting that the aging endothelium may 
less successfully adapt to the profound vascular 
demands of pregnancy.

Prepregnancy lipid concentrations are also 
associated with pregnancy complications and 
offspring birth weight; the nature of the associa-

tion varies with the pregnancy outcome in ques-
tion. Lipid profiles consistent with elevated 
CVD risk, including higher prepregnancy tri-
glyceride levels, total cholesterol, and lower 
HDL cholesterol, have been associated with 
preeclampsia and preterm delivery in the study 
in Norway (Magnussen et al. 2007, 2011). The 
US Coronary Artery Risk Development in 
Young Adults Study (CARDIA) found a curvi-
linear association of prepregnancy cholesterol 
levels with risk of delivering preterm (Catov 
et al. 2010b). With respect to fetal growth, 
women with a more atherogenic lipid profile 
may bear larger infants (Romundstad et al. 
2007); this suggests that the association of low 
birth weight—at least the fetal growth component 
of low birth weight—with maternal CVD risk 
may not operate via dyslipidemia.

Prepregnancy adiposity and glucose/insulin 
dysregulation is strongly implicated in the etiol-
ogy of GDM, based on the observation that 
women with GDM tend to have a family history 
of type 2 diabetes and higher body mass index 
(BMI) before pregnancy (Solomon et al. 1997), 
as well as higher levels of glucose and insulin and 
lower levels of adiponectin before the onset of 
the midpregnancy hyperglycemia that defines 
GDM (Nanda et al. 2011; Riskin-Mashiah et al. 
2010; Sacks et al. 2003; Williams et al. 2004). 
Higher BMI and family history of diabetes are 
also associated with increased risk of preeclamp-
sia (Qiu et al. 2003; O’Brien et al. 2003). The risk 
of preeclampsia doubles with every 5–7 kg/m2 
increase in body mass index before pregnancy 
(O’Brien et al. 2003).

Thus, subclinical elevations in the classic 
CVD risk factors of blood pressure, lipid levels, 
elevated BMI, and glucose/insulin dysregulation 
appear to predate both preeclampsia and 
GDM. Less clear is the extent to which CVD risk 
factors precede spontaneous preterm deliveries or 
FGR in normotensive pregnancies. Furthermore, 
the roles of prepregnancy inflammatory and 
coagulation factors with respect to pregnancy 
complications remain to be elucidated, despite 
the importance of these systems for both repro-
duction and CVD risk (Romero et al. 2007).
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3.2  Cardiovascular Risk Factors 
During Pregnancy

3.2.1  Cardiovascular Adaptation 
in Normal Pregnancy

In normal gestation, maternal blood volume 
increases progressively from 6 to 8 weeks’ gesta-
tion, peaking at an increase of 45% by 32 weeks 
(Monga and Creasy 1994). Cardiac output 
increases by 30–50%, with half of this increase 
occurring very early in gestation. Pulse rate 
increases 17%, and there are striking alterations 
in renal physiology. Although the insulin 
response to glucose is augmented in early preg-
nancy, insulin resistance emerges in the second 
half of pregnancy (Butte 2000). In addition, cho-
lesterol and triglyceride profiles change after ges-
tation week 9 to support steroid synthesis and 
fetal growth (Butte 2000). In uncomplicated 
pregnancy, there is a tendency for low-density 
lipoprotein (LDL) to shift across gestation from 
large, buoyant particles to smaller, denser, and 
more atherogenic particles (Hubel et al. 1998a). 
Fat is accumulated during the second trimester 
and then mobilized to support the dramatic fetal 
growth of the third trimester (Herrera 2000).

3.2.2  Cardiovascular Risk Factors 
During Pregnancy 
Complications

Vascular and endothelial dysfunction is charac-
teristic of pregnancies complicated by pre-
eclampsia or growth restriction. Placental 
underperfusion is common, and there are elevated 
markers of endothelial dysfunction in the mater-
nal circulation. Women with hypertensive disor-
ders of pregnancy demonstrate increased 
resistance in the uterine arteries (Ducey et al. 
1987; Campbell and Griffin 1983), vascular stiff-
ness, and impaired endothelial response 
(Savvidou et al. 2003, 2011). In addition, placen-
tal vascular lesions indicative of failed spiral 
artery remodeling, ischemia, or hemorrhage have 
also been reported in cases of both medically 
indicated and spontaneous preterm birth (Kelly 
et al. 2009).

During pregnancy, lipid aberrations accom-
pany several pregnancy complications. Again, the 

direction of the associations appears to depend on 
the nature of the pregnancy complication. The 
dyslipidemias associated with atherosclerosis 
(hypertriglyceridemia, hypercholesterolemia, ele-
vated free fatty acids, and excess oxidized LDL) 
are frequently seen during preeclampsia … 
(Clausen et al. 2001; Hubel et al. 1996, 1998b; 
Sattar et al. 1997). There is also emerging evi-
dence to suggest that this atherogenic lipid profile 
is associated with both spontaneous and indicated 
preterm births (Edison et al. 2007; Catov et al. 
2007b). Similarly, women with GDM exhibit ele-
vations in triglycerides and, less consistently, total 
cholesterol and LDL during pregnancy 
(Enquobahrie et al. 2005). On the other hand, low 
maternal total and LDL- cholesterol concentra-
tions appear in the third trimester in pregnancies 
complicated by FGR (Sattar et al. 1999). Placental 
studies are conflicting, with some suggesting 
reduced expression of lipoprotein receptors in 
placentas from FGR vs. appropriate weight for 
gestational age births (Wadsack et al. 2007) and 
others suggesting overexpression of these recep-
tors (Stepan et al. 1999). FGR studies are ham-
pered by nonstandard phenotyping, and thus 
findings may represent differing levels of severity. 
Despite these limitations, these data suggest that 
extremes of lipid concentrations are associated 
with adverse pregnancy outcomes. Longitudinal 
studies are needed to better understand how the 
relative contributions of low or high cholesterol 
are related to failed or compensatory lipid adapta-
tion required to optimize fetal growth.

Metabolic dysregulation in pregnancy defines 
GDM and is a strong risk factor for preeclampsia; 
there is considerable overlap of the two condi-
tions, with twice the rate of preeclampsia in dia-
betic versus nondiabetic pregnancies (Ostlund 
et al. 2004). However, GDM has only a modest 
association with spontaneous preterm birth 
(Hedderson et al. 2003). Higher early-pregnancy 
BMI is associated with increased risk of HDP 
and GDM (Solomon et al. 1997; O’Brien et al. 
2003; Lawlor et al. 2012), but with reduced risk 
of SGA and spontaneous preterm birth in most 
studies (Smith et al. 2007).

Systemic inflammation during pregnancy may 
be important in the pathogenesis of several preg-
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nancy complications. Elevated serum levels of 
C-reactive protein and/or leukocytes have been 
detected in women who experience GDM, FGR, 
and both spontaneous and indicated preterm 
deliveries (Catov et al. 2007c; Ernst et al. 2011; 
Freeman et al. 2004; Pitiphat et al. 2005; Wolf 
et al. 2001). However, neither mid-gestation cir-
culating levels of C-reactive protein nor pro- 
inflammatory cytokines have proven to have 
prognostic value for specific pregnancy outcomes 
(Curry et al. 2007; Gammill et al. 2010).

Normal pregnancy is a state of hypercoagula-
bility, and complications such as preeclampsia 
and preterm birth are characterized by particu-
larly high biomarkers of an activated fibrinolytic 
cascade, as well as perhaps an impaired ability to 
mount this response appropriately (Catov et al. 
2008b; Hackney et al. 2010; Heilmann et al. 
2007). It has been hypothesized that aberrations 
in the cross talk between inflammation and the 
coagulation cascades could contribute to the 
pathophysiology of these pregnancy complica-
tions (Girardi 2011).

3.3  Cardiovascular Risk Factors 
After Pregnancy

3.3.1  Enduring Cardiovascular 
Impact of Normal Pregnancy

Most of the cardiovascular adaptations to normal 
pregnancy resolve in the postpartum period, 
although there are some detectable and lasting 
pregnancy effects. Blood pressure is modestly 
decreased in the postpartum period after a first 
uncomplicated pregnancy (Hackney et al. 2010). 
However, other lingering effects are not as 
salutary. Importantly, women retain, on average, 
0.5–5.0 kg of weight following each pregnancy 
(Heilmann et al. 2007; Girardi 2011). Lactation 
may help resolve the cardiometabolic adaptations 
and fat accumulation associated with pregnancy 
(Agatisa et al. 2004; Berends et al. 2008; Catov 
et al. 2011).

The first birth may be a sentinel marker for 
complications in later pregnancies and future 
CVD risk (Lauenborg et al. 2005; Meyers-Seifer 
and Vohr 1996; Verma et al. 2002). Several fac-

tors distinguish first births. First, longitudinal 
studies suggest that the lasting blood pressure 
and lipid changes associated with pregnancy 
occur after first but not subsequent births 
(Hackney et al. 2010). In addition, first births are 
at higher risk for the major obstetric complica-
tions of preterm delivery, HDP, FGR, and still-
birth. Women with any of these complications are 
at higher risk in subsequent pregnancies for 
recurrence of the same complication as well as 
the onset of other complications. Importantly, 
complications during a first pregnancy impact the 
likelihood of having a subsequent pregnancy. As 
noted above, complications in a last pregnancy 
appear to be associated with especially high rela-
tive risks of CVD events. Thus, health status of 
the first and last pregnancies may be particularly 
telling of future maternal health.

The cumulative effect of these adaptations and 
resolutions and risks may contribute to the 
 above- noted J-shaped association between parity 
and maternal CVD risk, with lowest risk for 
women who have delivered two infants. It is not 
clear whether pregnancies exert a cumulative car-
diovascular burden with increasing parity, 
whether higher-order pregnancies at more 
advanced maternal age exert more cardiovascular 
risk, or whether women at high cardiovascular 
risk bear more children.

3.3.2  Cardiovascular Risk 
After Pregnancy Complications

The association of vascular and endothelial dys-
function with pregnancy complications contin-
ues after delivery. Women with preeclampsia 
have impaired endothelial function after preg-
nancy (Agatisa et al. 2004). This may also be 
true, although to a lesser extent, of women who 
deliver small babies due to FGR or preterm 
delivery. For example, lower offspring birth 
weight is associated with higher maternal blood 
pressure in the years after pregnancy (Davey 
Smith et al. 2005). Some (Catov et al. 2013; 
Berends et al. 2008) but not all (Catov et al. 
2011) studies report higher blood pressure and 
atherosclerotic carotid vessel remodeling among 
women who have delivered an FGR neonate. 
Although studies are not unanimous (Macdonald-

Pregnancy Characteristics and Women’s Cardiovascular Health



156

Wallis et al. 2012; Lauenborg et al. 2005), 
women with a history of GDM are more likely to 
have hypertension (Meyers-Seifer and Vohr 
1996; Verma et al. 2002), vascular dysfunction 
(Heitritter et al. 2005), impaired endothelium- 
dependent vasodilatation (Anastasiou et al. 
1998), and higher carotid artery intima-media 
thickness (Tarim et al. 2006). These differences 
are not fully explained by the higher BMI typical 
of women with a history of GDM.

Studies of lipid profiles after pregnancies 
complicated by preeclampsia are consistent with 
increased atherogenesis risk, including consis-
tently reported higher total cholesterol, LDL cho-
lesterol, and triglycerides, although these 
differences are not always statistically significant 
(Fraser et al. 2012; Manten et al. 2007; Hubel 
et al. 2008; Laivuori et al. 1996; Magnussen et al. 
2009; Romundstad et al. 2010; Sattar et al. 2003; 
Smith et al. 2009). Associations of reduced HDL 
cholesterol after preeclampsia have been reported 
by some (Fraser et al. 2012; Magnussen et al. 
2009; Romundstad et al. 2010; Smith et al. 2009) 
but not all (Manten et al. 2007; Laivuori et al. 
1996; Sattar et al. 2003) studies. One study has 
reported dyslipidemia among women with a his-
tory of spontaneous and indicated preterm births 
(Catov et al. 2011). Some (Lauenborg et al. 2005; 
Meyers-Seifer and Vohr 1996; Verma et al. 2002; 
Di Cianni et al. 2007) but not all (Schwarz et al. 
2009) have reported elevated total cholesterol, 
LDL cholesterol, and/or triglycerides in women 
with a history of GDM. As with the studies of 
lipid concentrations before and during pregnancy, 
studies of lipid concentrations in women in 
the years after FGR are conflicting, with some 
reporting hyperlipidemia (Kanagalingam et al. 
2009) and others reporting no differences com-
pared to women with uncomplicated births 
(Catov et al. 2011).

It is now firmly established that women with 
a history of GDM have a manifold higher risk of 
developing type 2 diabetes than women with 
normoglycemic pregnancies (Bellamy et al. 
2009). It is less widely appreciated that women 
with a history of preeclampsia are also at high 
risk of type 2 diabetes. After preeclampsia, 
mothers are three times more likely to develop 

diabetes within 16 years (Lykke et al. 2009), an 
observation bolstered by evidence of dysregu-
lated glucose and insulin, as well as insulin resis-
tance as early as 2 years after preeclamptic 
pregnancy (Fraser et al. 2012; Manten et al. 
2007; Laivuori et al. 1996; Magnussen et al. 
2009; Smith et al. 2009; Wolf et al. 2004). 
However, not all pregnancy complications are 
associated with risk of future metabolic disorder: 
in the Nurses’ Health Study 2, although 2% of 
women who delivered a very preterm infant (<32 
weeks’ gestation) had a 35% higher risk of devel-
oping type 2 diabetes, moderate preterm delivery 
was not associated with increased diabetes risk 
(James-Todd et al. 2010).

After pregnancy, plasma C-reactive protein is 
elevated among women with prior eclampsia and 
indicated preterm births suggesting that systemic 
low-grade inflammation may link some adverse 
pregnancy outcomes and later CVD (Hastie et al. 
2011b; Hubel et al. 2006). Several studies have 
documented higher C-reactive protein levels 
among women with a history of GDM (Heitritter 
et al. 2005; Di Cianni et al. 2007; Winzer et al. 
2004). Although inflammation seems a likely 
culprit to explain the association of spontaneous 
preterm delivery with CVD risk, the only study to 
date that has examined this question has reported 
no differences in plasma C-reactive protein levels 
of women with a history of spontaneous preterm 
delivery compared to term delivery (Hastie et al. 
2011b).

Women with a history of pregnancies compli-
cated by preeclampsia may maintain a procoagu-
lation state in the years after pregnancy, 
predisposing them to vascular and thrombotic 
events (Portelinha et al. 2009), although this 
pathway is less studied than others linking preg-
nancy complications to maternal CVD risk.

Thus, the associations of pregnancy complica-
tions with future CVD events in women are likely 
explained, at least in part, by their associations 
with classic CVD risk factors of hypertension, 
dyslipidemia, type 2 diabetes, and perhaps 
inflammation and thrombosis, which are evident 
before, during, and after such complicated preg-
nancies. Pregnancy provides a challenge to wom-
en’s cardiovascular system, and pregnancy 
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complications may serve as precursors, i.e., early 
indications that a woman is on a high-CVD risk 
trajectory, before these classic CVD risk factors 
are clinically detected. That said, this trajectory 
is complex and likely to be nonlinear. Given that 
most pregnancies occur in early adulthood, long 
before most CVD events occur, there is ample 
opportunity to influence that trajectory by recog-
nizing that health develops continuously over the 
lifespan and that health development is a process 
resulting from the ongoing interactions between 
person and environment.

4  Recommendations 
for Future Research

4.1  Major Themes and Findings

The associations of pregnancy complications 
with CVD events are remarkably consistent.

Several pregnancy complications are more 
common among racial minority groups, who are 
also at higher risk of metabolic and cardiovascu-
lar disease. Although untested, the use of preg-
nancy complication history to screen women for 
targeted CVD prevention has potential to improve 
public health, given the magnitude of the associa-
tions, the prevalence of the pregnancy complica-
tions, and the importance of CVD in women. 
Pregnancy complications occur early enough in a 
woman’s life course to offer a significant mean-
ingful “runway” for primordial CVD prevention 
by lifestyle intervention and primary prevention 
by statins and antihypertensive drugs. In 2011, 
both the American Heart Association and the 
European Society of Cardiology included histo-
ries of preeclampsia and (in the case of the 
American Heart Association) GDM as part of 
CVD risk assessment that would trigger closer 
monitoring and control of CVD risk factors 
(Mosca et al. 2011; Regitz-Zagrosek et al. 2011). 
Pregnancy appears to be a critical transition 
period for a woman that stresses her cardiovascu-
lar system in ways that may shed light on future 
disease risk.

4.2  Research Priorities

 (a) Epidemiologic research
• Establishing whether pregnancy compli-

cations per se contribute to CVD risk

We need to establish whether pregnancy com-
plications act as stress tests to unmask women 
who are already at increased risk of CVD in 
later life and/or whether (and which) pregnancy 
complications have a causal, direct contribution 
to a woman’s CVD risk. If pregnancy complica-
tions per se contribute to CVD risk indepen-
dently of prepregnancy cardiovascular health, 
prevention strategies and treatment of preg-
nancy complications could be important not 
only for women and their offspring during the 
pregnancy but also later in life.

 (b) Mechanism research
• Identifying mechanistic pathways to preg-

nancy complications and CVD

Should epidemiologic evidence suggest that 
pregnancy complications are causally associated 
with greater future CVD risk, it will be important 
to ascertain the underlying pathways responsible 
for these effects in order to identify potential 
treatment pathways. Gaining better understand-
ing of the mechanisms underlying pregnancy 
complications themselves will also be important 
in informing prevention strategies.

 (c) Translational research
• Improving risk stratification

Irrespective of whether pregnancy complications 
causally contribute to future CVD risk, a key 
question is the extent to which pregnancy history 
can be used to improve CVD risk scoring systems 
for women, such as the Framingham Risk Score. 
At present, these scoring systems are of debatable 
utility for women under age 70 (Greenland et al. 
2010), and addition of pregnancy complications 
to prediction at these relatively younger ages may 
be particularly important. Several pregnancy 
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complications are more common among racial 
minority groups, who are also at higher risk of 
metabolic and cardiovascular disease. Pregnancy 
history may be of particular importance in identi-
fying risk in these groups.

• Establishing strategies to mitigate future CVD 
risk in women with pregnancy complications

If pregnancy complications are useful for early 
CVD risk prediction, the next question is whether 
earlier risk identification—as early as at the time 
of pregnancy—is a cost-effective way of reduc-
ing future risk. To do so it is important to exam-
ine whether women who experienced pregnancy 
complications should undergo more intense or 
earlier screening and monitoring in the postpar-
tum years in order to determine whether they 
cross thresholds for treatment (e.g., with statins) 
earlier than women without pregnancy complica-
tions. We would also need to test the extent to 
which different lifestyle or pharmacologic pre-
ventions are effective at preventing future CVD 
in young or middle-aged women with a history of 
pregnancy complications. Key to this is identify-
ing stages in the lifespan when women are (or are 
not) receptive to CVD prevention, including the 
postpartum year.

4.3  Data and Methods 
Development Priorities

 (a) Importance of linking research across life 
stages: need for extended follow-up of 
women with known reproductive histories

The bulk of the research associating pregnancy 
history to CVD risk is derived from the linkage 
of large, often national, vital statistics registries 
for birth, hospitalization, and mortality statis-
tics. These exercises have yielded consistent 
associations of pregnancy complications with 
CVD risk. However, as most registries were 
founded in the 1950s or 1960s, the longest-run-
ning has been able to follow women only into 
the early postmenopausal years. The data on 
GDM are further limited by the lack of consis-
tent methods for screening and diagnosing 

GDM. Further follow- up will determine the 
extent to which the associations of pregnancy 
complications are maintained into the age range 
at which CVD events are most common in 
women. In the meantime, the stratification of 
risk by time since pregnancy is a helpful way to 
examine the extent to which risk associated with 
pregnancy complications changes over time 
(Hastie et al. 2011a). Although relative risk of 
CVD events may weaken with time, the abso-
lute risks associated with a history of pregnancy 
complications is likely to grow with time since 
pregnancy, as women age. In addition, we 
should incorporate pregnancy history data into 
existing CVD cohorts with decades of follow-
up. By illuminating the timing with which par-
ticular CVD risk factors emerge in the wake of 
specific pregnancy complications, we may be 
able to leverage the information contained by 
pregnancy history to predict CVD risk earlier 
than conventional risk screening protocols.

 (b) Importance of linking research across life 
stages: need for studies with established 
CVD risk factors measured before, during, 
and after pregnancy

To understand the trajectory of CVD risk and 
the role of pregnancy complications in that tra-
jectory, we need more studies to measure CVD 
risk factors prior to conception, particularly as 
evidence suggests that changes in blood pressure, 
augmentation index, and pulse wave velocity 
occur as early as 6 weeks’ gestation, indicating 
that maternal adaptations occur very early in 
gestation (Mahendru et al. 2014). This raises 
the question of whether “booking” first trimester 
measures that are available in several birth 
cohorts is representative of prepregnancy values 
and emphasizes the importance of ascertaining 
cardiovascular health trajectories from pre- to 
postpartum.

 (c) Need for innovative analytical approaches to 
improve causal inference

Methods for improving our understanding of 
whether pregnancy complications are causally 
related to later maternal health need to go beyond 
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conventional multivariable approaches in pro-
spective cohorts. For example, if it is found that 
genetic variants associated with high blood pres-
sure and glucose intolerance/type 2 diabetes in 
general populations of men and nonpregnant 
women are also associated with HDP and GDM, 
this would lend some support to the hypothesis of 
a common etiology and pregnancy unmasking a 
preexisting (genetic) risk. There is some evidence 
that several type 2 diabetes mellitus variants from 
genome-wide association studies show robust 
associations with GDM (Karlsson et al. 2007; 
Lauenborg et al. 2009; Cho et al. 2009; Kwak 
et al. 2012).

Although it is not feasible to randomize 
women to pregnancy complications, long-term 
follow-up of women who have been in random-
ized controlled trials that have effectively pre-
vented or treated the pregnancy complication will 
also address some of the research questions 
above. Lastly, experimental induction of preg-
nancy complications in animal models and fol-
lowing the mothers after delivery to examine 
whether vascular damage was sustained or meta-
bolic risk increased are important for examining 
the question of a pregnancy causal effect 
(Bytautiene et al. 2010). However, the generaliz-
ability of the animal models depends on the 
fidelity with which the human pregnancy compli-
cations, such as preeclampsia, can be mimicked 
in other species, where they may not occur 
naturally.

4.4  Translational Priorities

We are just beginning to investigate the clinical 
implications of this growing body of research. 
First, we need to establish the role of pregnancy 
complications in determining maternal chronic 
disease risk. Independently of that, we also need 
to determine our ability to change the health tra-
jectories of women with histories of complicated 
pregnancy. We will then have to consider the 
many issues of integrating the findings into clini-
cal and public health systems. Some potential 
clinical implications include the need to link pre-

natal with primary care medical records, devel-
opment of clinical screening strategies, prevention 
and treatment protocols after pregnancy compli-
cations, and increasing awareness among clini-
cians of these associations that span typical 
clinical silos between obstetrics and medicine 
(Rich-Edwards et al. 2010).

5  Conclusions

The stress test of pregnancy provides glimpses 
into the otherwise silent early adult years in 
which health development and chronic disease 
trajectories are set. Research to characterize the 
ways in which pregnancy complications inform 
us about subclinical and clinical vascular and 
metabolic risk in the mother is in its infancy. 
Future research will require large datasets that 
have prospectively collected accurate data on 
cardiovascular risk factors before, during, and 
after pregnancy, into middle age and beyond, 
when disease begins to emerge; data on preg-
nancy complications is also required. Only with 
such detailed information can we determine the 
extent to which specific pregnancy complications 
are related to future CVD, over and above pre-
pregnancy risk factors, and whether they add to 
established risk factor scores calculated in mid-
dle age. With large birth cohorts increasingly rec-
ognizing the importance of long-term follow-up 
of the mother as well as their infant, the potential 
for this research is increasing. Ultimately, ran-
domized controlled trials will be necessary to 
establish whether pregnancy advice and/or con-
tinued monitoring and early treatment of women 
identified as at risk during pregnancy is a cost- 
effective way of reducing CVD risk in women. 
Research in this area will require integration 
across such diverse specialties including obstet-
rics, primary care, pediatrics, endocrinology, and 
cardiology. This broader perspective may yield 
novel insights into the determinants of pregnancy 
outcomes and health development across the 
lifespan, perhaps creating a large shift in the 
ways in which we promote the health of women 
and children.
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